Because loss of cervical lordosis leads to disrupted biomechanics, the natural lordotic curvature is considered to be an ideal posture for the cervical spine. The vertebral arteries proceed in the transverse foramen of each cervical vertebra. Considering that the vertebral arteries travel in close anatomical relationship to the cervical spine, we speculated that the loss of cervical lordosis may affect vertebral artery hemodynamics. The aim of this study was to compare the vertebral artery values between subjects with and without loss of cervical lordosis.
Background
The natural curvature of the cervical spine is lordotic ( Figure 1 ) [1] . This natural lordotic curvature of the cervical spine is considered to be an ideal posture in terms of biomechanical principles [2] . Loss of cervical lordosis ( Figure 2 ) causes disrupted biomechanics, triggering a degenerative process in the cervical spine [1, 2] . Therefore, unfavorable clinical outcomes can be expected in persons with this disorder. The loss of cervical lordosis is associated with neck, upper thoracic, and shoulder pain, tension and cervicogenic headaches, and poorer health-related quality of life outcomes [1, 3, 4] . However, the possible underlying pathophysiologic mechanisms responsible for these negative clinical outcomes remain obscure.
The vertebral arteries branch from the subclavian arteries, 1 on each side of the body, then proceed superiorly, in the transverse foramen of each cervical vertebra and merge to form the single midline basilar artery (Figures 1-3 ) [5] . Based on this close anatomical relationship between the vertebral arteries and the cervical spine, we hypothesized that loss of cervical lordosis may also affect vertebral artery hemodynamics. Although a few studies have investigated the effect of cervical spondylosis on vertebral artery flow [6, 7] , to the best of our knowledge, no previous study has focused on the status of vertebral artery parameters specifically in patients with loss of cervical lordosis.
Therefore, the purpose of this comparative case-control study was to evaluate the values of the vertebral arteries in patients with loss of cervical lordosis compared to strictly matched control subjects without loss of cervical lordosis.
Material and Methods
After receiving approval for this study from the local ethics committee and obtaining the participants' informed consent, 30 patients with loss of cervical lordosis and 30 age-, sex-, and body mass index (BMI)-matched controls with normal cervical lordosis were recruited from the physical medicine and rehabilitation outpatient clinic between February 2015 and September 2015.
The cervical lordosis was assessed on lateral cervical radiographs according to the posterior tangent method: the lordosis was defined as the angle between the posterior margins of the vertebral bodies C2 and C7 [8] . It has been reported that this technique has a good inter-and intra-observer reliability, with a smaller standard error of measurement than the 4-line Cobb methods [9] . Exclusion criteria were presence of hypoplastic vertebral artery, obesity (BMI ³30), psychiatric disorders (e.g., depression and anxiety), alcohol or cigarette use, age younger than 18 or older than 45 years, cervical spondylosis, cervical rib, block vertebra, cardiovascular disorders (e.g., valvular heart disease), acute or chronic infections, rheumatic diseases, hypo-or hyperthyroidism, or any other systemic disorders.
Radiological assessment
Doppler ultrasonographic examinations were done by the same staff radiologist (M.D.B.), who was blinded to status of cervical lordosis and has 7 years of experience with the Philips HD-11 ultrasound device (Bothell, Washington, USA), using the standard 7.5 MHz linear probe. Vertebral artery hemodynamics were measured in the supine position with the head rotated 45 degrees to the contralateral side after 15 min of rest. The routine measurements included careful examinations of the bilateral vertebral arteries in all participants; therefore, 120 arteries were examined (60 in patient group, 60 in control group). The evaluation parameters included lumen diameter (LD), peak systolic velocity (PSV), and end-diastolic velocity (EDV) and were measured at the C5-6 intertransverse segment of the vertebral artery. All the parameters except arterial lumen diameter were calculated automatically by the device's software ( Figure 4 ). All measurements were repeated 3 times and the mean values were calculated. In addition to these, the resistive index (RI) was calculated. The RI value is the ratio of the difference between the PSV and the EDV divided by PSV value: RI=(PSV-EDV)/PSV, and provides information about arterial impedance [10] .
Statistical methods
Statistical analyses were performed using the SPSS version 16.0 for Windows software program (SPSS Inc., Chicago, IL, USA). The one-sample Kolmogorov-Smirnov normality test was used to determine whether the data were normally distributed, and descriptive data are presented as mean ± standard deviation because the data were distributed normally. The Student's ttest was used to compare the means of continuous variables between the 2 groups. A p value of less than 0.05 was considered to be statistically significant. 
Results
Participants' demographic characteristics are presented in Table 1 . There were no significant differences between patients with loss of cervical lordosis and control subjects with respect to age, sex, or BMI (for all, p>0.05).
The results of the comparison analysis are shown in Table 2 . The means of all 5 parameters evaluated were lower in the patients as compared to the control group. There was a significant difference in LD (p=0.003), FV (p=0.002), and PSV (p=0.014), but no significant differences in EDV (p=0.276) and RI (p=0.536) values were observed between patients and controls.
Discussion
This comparative case-control study was performed to test the hypothesis that loss of cervical lordosis may be associated with vertebral artery hemodynamics. The results of the study revealed that vertebral artery parameters, including LD, FV, and PSV, were significantly different between groups, with patients with loss of cervical lordosis showing lower values in comparison to controls. However, the 2 groups were statistically similar in terms of EDV and RI values. To the best of our knowledge, there are no published data investigating the effect of loss of cervical lordosis on vertebral artery parameters. Our findings demonstrate preliminary evidence that loss of cervical lordosis may play a role in the development of changes related to vertebral artery hemodynamics.
As mentioned above, the normal cervical spine has a lordotic curve (Figure 1 ) [1, 2] . Abnormalities of this natural curvature, such as loss of cervical lordosis or cervical kyphosis, are associated with pain, disability, and poor health-related quality of life [3, 11, 12] . These negative results related to deviations from the natural curvature may originate from disrupted biomechanics, because axial load is shifted from posterior to anterior column as lordosis is lost, and the increased compressive forces triggers and accelerates the degenerative process [1, 2] . In addition to these bony structure changes in the cervical spine, when the natural cervical curvature is disturbed, the normal distribution of neck muscle loads is also disrupted and a larger workload is placed on the supportive soft tissues across cervical segments to maintain biomechanical integrity [2] . Moreover, since the vertebral arteries pass vertically upward through the foramina of the cervical transverse processes, when the cervical curve flattens, they are also in danger of Table 2 . Comparisons of the vertebral artery parameters between the 2 groups.
Data expressed as mean ± standard deviation. VAs -vertebral arteries; LD -lumen diameter; FV -flow volume; PSV -peak systolic velocity; EDV -end-diastolic velocity; RI , (PSV-EDV)/PSV -resistive index.
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being stretched or compressed (Figure 2 ) [13] [14] [15] . Therefore, a relationship between loss of cervical lordosis and vertebral artery hemodynamics is an expected and logical finding. However, the possible effects of loss of cervical lordosis on vertebral artery hemodynamics and their clinical outcomes are completely unknown. Because the vertebral arteries are the major source of blood supply to the cervical spinal cord and brain stem, the possible factors affecting these vessels warrant investigation.
Although the measurement of vertebral artery hemodynamics has not been investigated specifically in patients with loss of cervical lordosis in any studies performed to date, there are several studies on vertebral artery hemodynamic changes in patients with cervical spondylosis and in healthy subjects [6, 7, 16, 17] , showing the strong association of cervical spondylosis with decreased vertebral artery flow. Therefore, we restricted our sample to individuals aged 18-45 years, and we included the participants without cervical spondylosis, thereby aiming to eliminate the effects of cervical spondylosis on the vertebral arteries.
In contrast, Bayrak et al. [6] found no correlation between degeneration scores, cervical curve measurements, and Doppler values of vertebral arteries. However, they evaluated vertebral arteries in patients with the head in the neutral position.
In our study, we evaluated vertebral arteries in patients and healthy controls with the head rotated 45 degrees to the contralateral side. Because the vertebral artery passes through the bony transverse foramina, it is vulnerable to stenosis with head rotation caused by stretching and compression [13] [14] [15] . Therefore, our results suggest that with the rotation of the flattened cervical spine, stretching and compression increases, causing marked luminal narrowing and reducing blood flow through the vertebral arteries.
While the clinical impact of loss of cervical lordosis is not well documented, some studies have revealed that this disorder is associated with cervicodorsal pain, headaches, and poor life quality [1, 3, 4] . However, pathophysiologic mechanisms underlying these negative clinical outcomes are unclear. Our results may be helpful in assessing underlying pathophysiological mechanisms, and are therefore critical for a better understanding of the potential clinical implications. In addition, investigating and identifying vascular and extraspinal changes in cervical deformity may be important considerations for preoperative surgical decision-making and postoperative outcomes. Further studies are needed to investigate or determine the clinical implications of this, including rates of transient ischemic attack/strokes, aneurysm rupture, and risks of vertebral artery injury in trauma. Moreover, a study on how manipulation of these narrowed vertebral arteries with reduced blood flow during deformity correction can further predispose to vascular injury/stroke would also be interesting.
One limitation of our study is that we did not assess the potential clinical outcomes of the study findings. Another limitation is that only young participants (age 18-45 years) were included in the study; therefore, our results cannot be generalized to older people.
Conclusions
The results of this study indicate that loss of cervical lordosis is associated with decreased vertebral artery values in LM, FV, and PSV. Further studies need to be done to confirm these observations and to elucidate their possible clinical implications.
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